A series of polyoxometalate-based ionic liquids (POM-ILs) electrolytes has been synthesized by selfassembly from a heteropoly acid H7SiW9V3O40 and N-methyl imidazolium-1-(3-sulfonic) propyl (MIMPS). The POM-ILs electrolytes were characterized by FTIR, UV and XRD, and the results reveal that the POM-ILs electrolytes possess a typical polyoxometalate-based ionic liquid structure. Furthermore, the substitution effect of these compounds has been investigated. The thermostability and conductivity of the POM-ILs electrolytes increased with the number of protons in compounds increased.
INTRODUCTION
Ionic liquid (IL) is a series of specific salt which remain liquid phase at low temperature or at room temperature [1, 2] . Ionic liquid can be prepared through a self-assembly method for anions and cations [3, 4] . Ionic liquid exhibits a remarkable thermal stability property, and significant advantages in electrochemical applications [5] [6] [7] . Gel-type ionic liquid can be obtained through noncovalent interaction and the gel still maintains the characteristic of ionic liquid (i.e., solvent ability and ionic conductivity. These gel-type ionic liquids can be classified as excellent soft materials due to perfect characteristic than traditional ionic liquid.
Polyoxometalates (POMs) or heteropoly-acids (HPA) are a series of metal oxide cluster [8] [9] [10] . The emphasis type of heteropoly acids is Keggin and Dawson.Keggin-type HPA generally has some excellent characteristics, for example stable chemical structure and/or high yield, accordingly the research of Keggin-type of heteropoly acids were widely [11] [12] [13] [14] [15] [16] [17] [18] .
Recently, researcher found that POM-based inorganic-organic hybrid compounds, which show more perfect characteristic that the pure heteropoly acids due to their unique structure and characteristic [19] [20] [21] [22] [23] . These materials exhibit excellent conductivity and reversible phase transformation characteristics [24] [25] [26] . Consequently, the POM-based inorganic-organic hybrid compounds have higher ionic conductivities as compared with other solid conductors, and they will be new potential candidates in current electrochemical apparatus [27, 28] .
Herein, it is reported in our work that two novel inorganic-organic hybrid compounds which were synthesized by an organic ionic liquid such as N-methyl imidazolium-1-(3-sulfonic) propyl (which is called as MIMPS) and inorganic HPA such as H7SiW9V3O40. The compounds exhibit good conductivity. Furthermore, we investigate the relationship between the characteristic and the structure of conductivity and thermo-stability. The results show that proton substitution effect plays an important role.
EXPERIMENTAL SECTION

Synthesis of HPA
Na10[α-SiW9O34] was prepared by a method mentioned in recent documents [28] . A 10 mL sodium metavanadate (1.71g NaVO3) aqueous solution was added to a 30 mL Na10[α-SiW9O34] (10 g Na10[α-SiW9O34]) aqueous solution, and then controlled to pH=1.5. Then the mixed liquor was added dropwise to an exchange resin column of H + type cations until the mixed liquor has a pH value less than 1, and then dried at about 40 °C, accordingly HPA structured as H7SiW9V3O40 was obtained.
Synthesis of POM-ILs
[MIMPS]3H4SiW9V3O40 and [MIMPS]5H2SiW9V3O40.was prepared by following method. The pre-synthesized MIMPS [23] and HPA were mixed in 5:1 and 3:1 molar ratios. An H7SiW9V3O40 aqueous solution was added with the MIMPS, and then the mixture was sonicated for 10 minutes at room temperature, and then lower liquid was obtained by a separatory funnel from the mixture. The obtained liquid was volatillized at room temperature, thereby products as oily matter were obtained.
Instruments and reagents
IR spectra were collected by NICOLET NEXUS 470 FT/IR spectrometer at 400-4000 cm −1 . XRD patterns were collected by BRUKER D8 ADVANCE X-ray diffractometer in the range of 2θ = 4-40° at a rate of 0.02°·s -1 . The thermal stability was collected by SHIMADZU thermal analyzer in the range of 25-500 °C at a rate of 10 °C·min -1 . The UV absorption spectra of H7SiW9V3O40, [MIMPS]3H4SiW9V3O40 and [MIMPS]5H2SiW9V3O40 were collected by Specord TU-1901 UV-Vis spectrophotometer. Conductivity were collected by DDS-11A conductivity meter using a Shanghai DJS-10 electrode which electrode constant k is 9.42.
All reagents were of analytical grade. The IR spectra of samples in the range of 4000~400 cm -1 are illustrated in Fig. 1 and the detail IR spectra of samples can be found in Table 1 . Many feature frequencies can be found in Fig. 1 and Table 1 . The feature frequencies of all samples fall in the stretching sequence of νas(M-Ob-M), νas(M-Od), νas(M-Oc-M) andνas(Si-Oa), (M=W, V), which are referred to POM vibration bands at 1100~700 cm -1 . It is further observed that the characteristic peaks of POM-ILs are slightly shifted when compared with vibration band of HPA in Fig. 1 and Table 1 . This phenomenon can be resulted in the influence of the anion-anion interactions [24] . Furthermore, additional characteristic peaks at 1210 cm -1 , 2960 cm -1 are assigned to νS=O and νC-H, respectively. Although the characteristic peaks of POM-ILs exhibit shift, the characteristic peaks of POM still exist (red frame zone in Fig. 1 ). This results indicate that POM structure still was maintained even if MIMPS are added. UV absorption spectra of samples are illustrated in Fig. 2 . It can be found from Fig. 2 that the absorption spectra of POM-ILs show a moderately intensity peak nearly 258 nm since a bridge-oxygen (Ob, Oc) is charge-transferred toward metal atoms in the heteropolyanion cage [27] . Furthermore, the blue-shifted phenomenon of peak was observed nearly 260 nm, which is called as the pure POM. The phenomenon as described above can infer that it exists an intermolecular interactions between POM anion and organic cations (MIMPS) units [27] .
RESULTS AND DISCUSSION
Wide-angle XRD patterns for the samples and HPA are illustratedin Fig. 3 . There are some strong peaks in the XRD patterns of H 7 SiW 9 V 3 O 40 . Phase and structure information were collected by XRD and the results were shown in Fig. 3 . Typical peaks of keggin-type of the polyoxometalates were found in the range of 2θ=7-10° from the XRD patterns. This result can provide a proof that the POM-ILs were successfully prepared [23] . Furthermore, a broad diffraction peaks occurred at 2θ=20-35° of POM-ILs, which is consistent with amorphous structure. It is suggest that the HPA was transformed to an amorphous structure after adding MIMPS. The results means that the arrangement of HPA is rearranged after adding MIMPS, and the schematic illustration of interactions among MIMPS, protons and POM anion is shown in Fig. 4 . The thermal stability characterization of POM-ILs can be analyzed by the exothermic peak on the DTA or DSC [29] phenomenon is due to the decomposition of MIMPS. The results exhibit that the thermal stability of POM-IL is excellent and thermal stability is changed to poor with increasing of the mount of MIMPS in POM-IL compounds. The change of the conductivity with increasing of temperature among the POM-ILs was showed in Fig.5 . The conductivity of [MIMPS]5H2SiW9V3O40 and [MIMPS]3H4SiW9V3O40 is 1.3×10 -2 S·cm -1 and 1.9×10 -2 S·cm -1 , respectively. Fig.5 depicts conductivity of compounds decrease with the increase of amount of MIMPS substitution at same temperature. In other words, conductivity is positively correlated with the number of protons. This result can be explained as the migration rate of protons faster than MIMPS. And then, numerous protons will lead to a high conductivity [30] . The conductive activation energy Ea can be calculated as follow Wherein σ represents the conductivity of the sample, σ0 represents the pre-exponential factor, Ea represents the conductive activation energy, R represents the gas constant, and T represents the absolute temperature. Conductive Arrhenius plots of [MIMPS]5H2SiW9V3O40 and [MIMPS]3H4SiW9V3O40 at the same condition as shown in Fig.6 . Ea of [MIMPS]5H2SiW9V3O40 and [MIMPS]3H4SiW9V3O40 respectively are 42.17 kJ·mol -1 and 37.76 kJ·mol -1 . These results infer that the substitution effect of the protons in these compounds is obviously which can be confirmed by lower conductive activation energy [25] . 
CONCLUSIONS
In this work, two novel polyoxometalate-based ionic liquid electrolytes have been successfully synthesized by using MIMPS ionic liquid, and the substitution effect for these compounds have been researched. With the protons replace the MIMPS into the structure, the compounds exhibit higher conductivity and better thermostability.
